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(57) ABSTRACT

An arrangement for controlling a plasma processing system is
provided. The arrangement includes an RF sensing mecha-
nism for obtaining an RF voltage signal. The arrangement
also includes a high impedance arrangement coupled to the
RF sensing mechanism to facilitate acquisition of the signal
while reducing perturbation of RF power driving a plasma in
the plasma processing system. The arrangement further
includes a signal processing arrangement configured for
receiving the signal, processing the signal in a digital domain
to obtain peak voltage information for a fundamental fre-
quency and a broadband frequency of the signal, deriving
wafer bias information from the peak voltage information,
and applying signal to a transfer function to obtain a transfer
function output. The arrangement moreover includes an ESC
power supply subsystem configured to receive the transfer
function output as a feedback signal to control the plasma
processing system.
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ARRANGEMENT FOR PLASMA
PROCESSING SYSTEM CONTROL BASED
ON RF VOLTAGE

PRIORITY CLAIM

This application is a continuation of a previously filed
patent application entitled “PLASMA PROCESSING SYS-
TEM CONTROL BASED ON RF VOLTAGE?”, filed on Dec.
7, 2010 (application Ser. No. 12/962,524), which is a con-
tinuation-in-part of an earlier filed patent application entitled
“METHODS AND APPARATUS FOR CONTROLLING A
PLASMA PROCESSING SYSTEM?”, filed on Nov. 19, 2010
(application Ser. No. 12/950,710), which claims priority
under 35 USC. 119(e) to a commonly-owned provisional
patent application entitled “BIAS COMPENSATION APPA -
RATUS AND METHODS THEREFOR”, U.S. Application
No. 61/303,628, filed on Feb. 11, 2010 by John Valcore, Jr.
and a commonly-owned provisional patent application
entitled “METHOD AND DEVICE FOR COMPENSATING
WAFER BIAS IN A RF DRIVEN PLASMA CHAMBER?”,
U.S. Application No. 61/262,886, filed on Nov. 19, 2009 by
John Valcore. Jr., all of which are incorporated herein by
reference.4.

BACKGROUND OF THE INVENTION

In the semiconductor industry, the use of radio frequency
(RF) driven plasma chambers for manufacturing silicon
wafers is commonplace. There exists a common need within
such applications to monitor the sheath voltage, and specifi-
cally how the sheath voltage relates to the direct current (DC)
bias potential of the wafer itself. The following acronyms are
used throughout this application: Radio Frequency (RF),
Direct Current (DC), Digital Signal Processor (DSP), Field
Programmable Gate Array (FPGA) and Complex Program-
mable Logic Device (CPLD).

Currently, there are several techniques to ascertain wafer
potential, as well as sheath and bulk plasma potential. With
respect to the wafer DC bias potential, one monitoring
method includes measuring the self-bias voltage of the wafer
by detecting the leakage current between the wafer and the
electrostatic chuck (ESC) while varying an applied DC volt-
age to the ESC. While this technique is used within some
current production settings, the computed value is highly
dependent upon the magnitude of the leakage current, which
is coupled to the type of ESC in the system. The method of
detecting leakage current through the wafer to the ESC is also
highly dependent upon different types of backside wafer
films.

Another method for ascertaining the wafer bias potential is
through the use of silicon carbide pins attached to the outer
edge of the ESC and in contact with the plasma. However,
such pins are consumables and have to be replaced frequently
within production environments.

A third method for detecting the DC bias on the wafer is
through a RF voltage probe at the ESC and a signal processing
unit which computes the wafer voltage from the peak to peak
RF voltage. This method provides a means for detecting the
wafer DC bias voltage without a probe in direct contact with
the plasma by scaling the RF voltage at the ESC to a DC value
through the use of a calibrated gain and offset. This method
assumes a purely linear relationship to the RF peak to peak
voltage and the DC potential of the wafer which is not the case
for multi-frequency plasmas. FIG. 1 shows the correlation of
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wafer bias to RF Vpp. In FIG. 1, when a linear fit is applied,
the R-squared value is significantly less than one [e.g., R-sq:
0.90].

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example, and
not by way of limitation, in the figures of the accompanying
drawings and in which like reference numerals refer to similar
elements and in which:

FIG. 1 shows the correlation of wafer bias to RF Vpp.

FIG. 2 shows the correlation of the wafer bias to the output
of the disclosed RF voltage transfer function, with an
R-squared value significantly closer to one.

FIG. 3 depicts testing confirming the relationship between
the plasma potential as seen by a Si carbide pin and the wafer
potential as measured by a wired wafer.

FIG. 4 shows the voltage seen by the Si HER (Hot Edge
Ring) during a HARC (High Aspect Ratio Contact) process
using 2 MHz, 27 MHz, and 60 MHz on a Lam DFC2300®
Flex45® platform (available from Lam Research Corpora-
tion of Fremont, Calif.) versus the voltage seen by Si carbide
pin.

FIG. 5A depicts a system with a RF driven plasma that
consists of an ESC power by three RF generators.

FIG. 5B illustrates an embodiment of the disclosed inven-
tion, where a voltage probe, consisting of a capacitive divider
network, is attached to the RF rod in close proximity to the
ESC base plate as well as a signal conditioning and signal
processing apparatus.

FIG. 5C is an embodiment of an analog RF voltage signal
conditioning network with a digital signal processing unit.

FIGS. 6-10 discuss the high impedance RF voltage probe
for computing wafer potential based on frequency dependent
RF voltage signals.

FIG. 11 shows, in accordance with an embodiment of the
present invention, a block diagram of an example digital
implementation embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

The present invention will now be described in detail with
reference to a few embodiments thereof as illustrated in the
accompanying drawings. In the following description,
numerous specific details are set forth in order to provide a
thorough understanding of the present invention. It will be
apparent, however, to one skilled in the art, that the present
invention may be practiced without some or all of these spe-
cific details. In other instances, well known process steps
and/or structures have not been described in detail in order to
not unnecessarily obscure the present invention.

Various embodiments are described, herein below, includ-
ing methods and techniques. It should be kept in mind that the
invention might also cover articles of manufacture that
includes a computer readable medium on which computer-
readable instructions for carrying out embodiments of the
inventive technique are stored. The computer readable
medium may include, for example, semiconductor, magnetic,
opto-magnetic, optical, or other forms of computer readable
medium for storing computer readable code. Further, the
invention may also cover apparatuses for practicing embodi-
ments of the invention. Such apparatus may include circuits,
dedicated and/or programmable, to carry out tasks pertaining
to embodiments of the invention. Examples of such apparatus
include a general-purpose computer and/or a dedicated com-
puting device when appropriately programmed and may
include a combination of a computer/computing device and
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dedicated/programmable circuits adapted for the various
tasks pertaining to embodiments of the invention.

Embodiments of the disclosed invention will provide the
end user the ability to measure the wafer bias potential by
appropriately filtering and conditioning the RF voltage at the
ESC and utilizing a transfer function that accounts for con-
tribution of multiple RE frequencies in biasing the wafer.
FIG. 2 shows the correlation of the wafer bias to the output of
the disclosed RF voltage transfer function, with an R-squared
value significantly closer to one [e.g., R-sq: 0.97].

This invention was conceived while attempting to improve
an existing method of measuring DC bias Potential with a
silicon carbide pin. The wear rate of this pin as well as the
quartz insulating material which housed the pin was found to
be a limiting factor for production throughput. It has been
determined that although a non-linear relationship existed
between the RF voltage and wafer potential in a multi-fre-
quency plasma, a transfer function could be used to derive
wafer potential based upon the contribution of each indi-
vidual frequency driving the plasma.

Testing has been done to confirm the relationship between
the plasma potential as seen by a Si carbide pin and the wafer
potential as measured by a wired wafer, depicted in FIG. 3. It
is then shown that the disclosed transfer function was signifi-
cantly correlated to the voltage signal seen by the existing Si
carbide pin.

FIG. 4 shows the voltage seen by the Si HER (Hot Edge
Ring) during a HARC (High Aspect Ratio Contact) process
using 2 MHz, 27 MHz, and 60 MHz on a Lam DFC2300®
Flex45® platform (available from Lam Research Corpora-
tion of Fremont, Calif.) versus the voltage seen by Si carbide
pin. Given the aforementioned correlation of the Si carbide
pin to the wired wafer, the commutative property provides
credence to the statement that a transfer function involving
individual RF voltages driving plasma is also a valid repre-
sentation of the plasma sheath voltage at the wafer interface.
In one or more embodiments, state-space analysis may be
performed on the RF voltage to derive the transfer functions.
State-space modeling is well-known and will not be elabo-
rated here. In one or more embodiments, known transient
handling techniques may be applied to improve robustness.

The features and advantages of embodiments of the inven-
tion may be better understood with reference to the figures
and discussions that follow.

Generally speaking, the ability to indirectly measure the
DC component of the plasma sheath potential within a RF
driven plasma is dependent on a voltage probe connected to
the RF rod in close proximity to the ESC. FIG. 5A depicts a
system with a RF driven plasma that consists of an ESC 502
power by three RF generators 504 A, 504B, and 504C via an
impedance matching network 506. These RF generators pro-
vide different RF frequencies as shown although the number
of frequencies employed, the exact frequencies employed as
well as the number of RF generators employed may vary
according to applications. An RF rod or another suitable RF
sensing mechanism in close proximity (i.e., sufficiently close
as to be able to sense the RF voltage) to base plate 508 (or
another non-plasma exposing component associated with the
ESC) provides a RF voltage to capacitive divider network
530. Capacity divider 530 will be discussed in greater details
herein in connection with FIG. 5B. The output of capacitive
divider network 530 is then provided to a signal conditioning
and processing block 532, which will be discussed in greater
details in connection with FIG. 5C herein below.

FIG. 5B illustrates an example embodiment of the dis-
closed invention, where a voltage probe, including a capaci-
tive divider network 530, is coupled to the RF rod (or another
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suitable RF sensing mechanism) in close proximity to the
ESC base plate as well as coupled to a signal conditioning and
signal processing apparatus. In the example of FIG. 5B,
capacitor C1 is in series with capacitor C2, which is then in
series with the parallel capacitors C3/C4. The voltage signal
is obtained as shown in FIG. 5B. The capacitive divider volt-
age probe provides a high impedance path for the RF voltage
to be sensed without unduly perturbing the RF power driving
the plasma.

The specific make up of the capacitive divider is dependent
upon the RF generators driving the plasma, with the highest
frequency generator being the dominant factor. The capaci-
tive divider also sufficiently attenuates the voltage signal by
providing a low impedance path to ground in parallel with a
50-ohm coaxial cable responsible for carrying the voltage
signal to the signal conditioning and signal processing appa-
ratus. Note that these values are provided as example and for
reference only and are not limiting. In the example of FIG. 5B
the input impedance is significantly high [Z=1/(w*C), when
w=60 MHz; C=0.5 pF then Z~33 Kohms] and the impedance
to ground is low (~31 ohms@60 Mhz).

The RF voltage signal is then conditioned through a net-
work of analog or digital filters. FIG. 5C is an example
embodiment of an analog RF voltage signal conditioning
network of the type implemented in block 532 of FIG. 5A. At
the input of the analog RF voltage signal conditioning net-
work, the signal is split into a number of separate channels (4
in the example of FIG. 5C) to allow for RF filtering of specific
RF frequencies responsible for driving the plasma. In this
embodiment, the RF generator frequencies are 2 MHz, 27
MHz, and 60 MHz. One channel is not filtered, which main-
tains the broadband voltage frequency spectrum. In this
embodiment the four channels are converted to a DC signal
via a passive peak detector [e.g., IN5711diode], although an
active peak detector could be used as well.

The DC signals are then converted to digital signals in
order to be processed by the digital signal processor, where
the individual signals are calibrated and inputted into the
wafer bias transfer function. The output of the transfer func-
tion is then fed back to the bias compensation network. It
should be noted that the disclosed analog signal conditioning
network could be accomplished entirely within the digital
domain. In this instance, there would be no need for a signal
splitter or analog filters, simply an analog to digital converter
(ADC) and a signal processing unit (Digital Signal Processor
(DSP), Field Programmable Gate Array (FPGA) and Com-
plex Programmable Logic Device (CPLD) or the like), with
the signal processing unit responsible for all filtering, peak
detection, calibration, and transfer function computation.

In one or more embodiments, the calibration of each volt-
age channel is performed by applying a gain and offset to each
channel. The gain and offset for each channel (2 MHz, 27
MHz, 60 MHz and broadband unfiltered voltages in the
example of FIGS. 5A-5C) is determined by the signal
response of a given channel and its correlation to the wafer
bias. For the filtered channels, this is accomplished, by char-
acterizing a given filtered channel response to the wafer bias
for that unique single frequency. For instance, the response of
the 2 MHz channel would be correlated to the wafer bias for
plasma being driven by 2 MHz only and the subsequent gain
and offset would be used to calibrate this channel. This is
repeated for 27 MHz and 60 MHz. The broadband signal is
calibrated by correlating the wafer bias for plasma being
driven by all three frequencies and each subsequent variation
(2 MHz only, 2 MHz and 27 MHz, 60 MHz only, 27 MHz and
60 MHz, etc. .. . ).
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An important factor into the calibration is also the response
of the capacitive divider voltage probe 530. The capacitive
divider tends to have a unique signal response for each fre-
quency. As a suggested solution, a network analyzer can be
used to characterize the response of the capacitive divider
voltage sensor, and this response can then used to modify the
aforementioned calibration coefficients accordingly. This is
an important component in manufacturing accurate and
repeatable instruments.

The transfer function for computing wafer bias in com-
posed of four inputs: the calibrated DC voltage signals for 2
MHz, 27 MHz, and 60 MHz as well as the unfiltered broad-
band signal. The voltage signals are then multiplied by a set of
coefficients. Each coefficient is a function of a given fre-
quency mixture driving the plasma. The coefficients are
derived through, for example, principal component analysis
(PCA) of the matrix consisting of the wafer bias and the four
voltage signals (2 MHz, 27 MHz, 60 MHz, and broadband).
The individual resultants of the coefficient multiplication are
then summed, producing, a wafer bias value. Conditional
statements and weighting factors can also be used to optimize
the coefficients and thus optimize the transfer function result.

FIGS. 6-10 further discuss the high impedance RF voltage
probe for computing wafer potential based on frequency
dependent RF voltage signals. In FIG. 6, a linear transfer
function is created and the example flowchart illustrates how
this linear transfer function may be employed to produce the
wafer bias value. FIG. 7 is a flowchart illustrating the use of a
non-linear transfer function to produce the wafer bias value.
Non-linear transfer functions are believed to be better able to
approximate the wafer bias value from the RF voltage in
some, if not most, situations. FIGS. 8, 9, and 10 are further
explanation of the merits of each approach (linear vs. nonlin-
ear). Both approaches provide a way, in accordance with
embodiments of the invention, to correlate the sensed RF
voltage to the wafer bias voltage, especially in multi-fre-
quency applications. The wafer bias voltage may then used as
a feedback or control signal for the ESC power supply and/or
bias compensation network and/or other subsystems in the
plasma processing system.

In another embodiment, the ESC RE signal may be pro-
cessed in the digital domain to improve configurability and to
accommodate a wider RF power dynamic range required by
demanding processing applications such as some high aspect
ratio etches. FIG. 11 shows a block diagram of an example
digital implementation embodiment. Input ESC RF signal in
block 1102 may be obtained from a capacitive pickup, such as
the capacitive divider network 530 of FIG. 54 for example. In
the example of FIG. 11, the input RF signal ranges from about
350 KHz to 120 MHz, with fundamental frequencies at about
400 KHz, 2 MHz, 13 MHz, 27 MHz, and 60 MHz although
these example values as well as the number of frequencies
involved are not limiting of the scope of the invention.

The input RF signal is then filtered using an anti-aliasing
low-pass filter 1104 with the filter frequency set at about %2 of
the sampling rate of the analog-to-digital converter (ADC)
that is employed later to convert the analog input RF signal
from block 1102 to a digital signal. In the case of the example
of FIG. 11, the ADC sampling rate is 250 MHz and thus the
anti-aliasing filter is set at about 120 MHz, which is less than
15 ofthe ADC sampling rate (for satisfactory signal resolution
in accordance with Nyquist’s theorem).

The filtered RF signal from anti-aliasing filter 1104 is then
split by RF splitter 1106 into two channels (using appropriate
low pass and high pass filters) to feed into dual-channel ADC
1112. RF splitting is optional to improve signal resolution and
is performed as an optimization to accommodate the use of a
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dual-channel ADC. However, it is possible to employ a single
channel ADC and feed the filtered RF signal from anti-alias-
ing filter 1104 into the single channel ADC if desired.

Thus, in contrast to the analog approach of FIG. 5S¢, the
analog input RF signal is not required to be split in the analog
domain and/or peak-detected in the analog domain, Rather,
the RF signal is converted (after appropriate filtering via an
anti-aliasing filter) into the digital domain by ADC converter
1112. This improves both configurability and dynamic range
response since the limitations of the analog peak detection
scheme is not experienced. Specifically, the digital approach
overcomes the limitation imposed by the non-linear response
of the rectifying diode in the analog peak detection scheme.
Another limiting factor of an analog peak detection scheme is
that the diode output tends to be a function of the Input
Voltage RMS, essentially a power detector. This characteris-
tic further limits the ability of analog detectors to resolve the
actual RF Peak Amplitude, rather than an averaged RF Volt-
age peak as function of the RMS signal. The digital approach
sidesteps both of these and other issues.

Digital processing is performed by logic represented in
FIG. 11 by a field programmable gate array (FPGA) 1120.
FPGA is employed in the instant example partly to take
advantage of the FPGA’s parallel processing capability on
multiple channels although other forms of logic, including
microprocessors, microcontrollers, dedicated hardware cir-
cuitry, digital signal processors, etc., may also be employed.

One of the improvements relates to the use of RF signals
from the RF generators (1122) as independent inputs into the
digital processing block 1120. The independently inputted
RF signal data, which may include state (on/off), fundamen-
tal frequency, and drive signal phase for each RF signal from
the RF generators, may be used extract the fundamental tones
to tune the digital filters (such as band pass filters) in block
1120. The phase data is particularly useful in resolving modu-
lation effects among ESC RF signals of various frequencies to
more accurately compute the voltage at any given frequency.

To elaborate, the phase signal allows for the demodulation
of'the RF signals that are a function of plasma dynamics (as an
active non-linear load). It is common practice to view a
plasma chamber as an RF mixer, generating tones as function
of the frequency of the RF Source(s) as well as the rates of
association/disassociation of gases and the expansion/con-
traction of the plasma sheaths. By utilizing the phase of the
drive signal for each RF generator sourcing and/or biasing the
plasma, one can more accurately resolve each fundamental
RF tone, even in the most dynamic plasma conditions, such as
pulsing of the RF generators.

Alternatively or additionally, the tuning of these digital
filters using the fundamental tones extracted from the RF
signals from the RF generators enable the construction of
very precise and narrowly tailored filters around the funda-
mental frequencies, which greatly improve the accuracy of
the signal resolution by the digital processing block 1120.

The outputs from digital processing block 1120 include the
peak voltage (Vpeak) for each fundamental frequency and for
the composite broadband signal. Peak detection can be posi-
tive peak, negative peak, or both. For the composite signal,
negative peak information is particularly useful during the
processing phase since there is often an asymmetry in the
waveform as a function of the harmonics of each RF source.
Therefore, by detecting both the positive and negative peaks,
one can resolve a relative metric of the harmonics in the
plasma. This harmonic metric can then be used to further
optimize wafer bias potential transfer function for a given
state space.
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As discussed, an advantage of the digital approach is the
ease of configurability. For example, when different RF fre-
quencies and/or additional RF frequencies and/or fewer RF
frequencies are employed, the hardware does not need to be
changed. The digital filters, transtfer functions, and other opti-
mizations may be reprogrammed on the same programmable
logic, saving a significant amount of time and cost when
applications change.

Another aspect of the invention relates to the use of addi-
tional plasma chamber parameters to improve the correlation
between the ESC RF voltage and the wafer bias potential.
These additional chamber parameters include chamber pres-
sure, chamber gap (distance between electrodes), RF deliv-
ered power, RF Frequency, RF generator impedance match-
ing network tap positions (capacitor positions of variable LC
network), chamber chemistry, chamber topology (i.e.: ground
area ratio), wafer type (backside film, substrate film stack),
and wafer resistivity. In the present discussion, two specific
chamber parameters (pressure and gap distance) are dis-
cussed to facilitate understanding although the number and
exact parameters may vary depending on applications.

In another aspect of the invention, the inventor herein notes
that there is a noticeable change in correlation (e.g., gain in
the slope of the trend line) between RF voltage and wafer bias
voltage when different chamber pressures are involved. By
taking chamber pressure into account, more accurate on-the-
fly determination of wafer bias voltage may be obtained from
the ESC RF voltage. The compensating function or equation
or scaling factor may be determined empirically in a research
setting (e.g., by mapping the RF voltage versus the wafer bias
voltage at different chamber pressures and determine the
correlation change) for later use in a production setting, for
example. In an embodiment, the chamber pressure informa-
tion may be employed as a scaling factor to scale the pressure-
agnostic transfer function output. Additionally or alterna-
tively, the chamber pressure may be employed as another
input into the transfer function to obtain a pressure-specific
output for a given input into the transfer function.

In another aspect of the invention, the inventor herein notes
that there is a noticeable change in correlation (e.g., gain in
the slope of the trend line) between ESC RF voltage and wafer
bias voltage when different chamber gaps between the upper
and lower electrodes are involved. By taking electrode gap
data into account, more accurate on-the-fly determination of
wafer bias voltage may be obtained from the ESC RF voltage.
The compensating function or equation or scaling factor may
be determined empirically in a research setting (e.g., by map-
ping the RF voltage versus the wafer bias voltage at different
chamber gaps and determine the correlation change) for later
use in a production setting, for example. In an embodiment,
the chamber gap information may be employed as a scaling
factor to scale the pressure-agnostic transfer function output.
Additionally or alternatively, the chamber gap may be
employed as another input into the transfer function to obtain
a pressure-specific output for a given input into the transfer
function. This optimization using chamber gap information
may be employed alternatively or additionally in conjunction
with the use of the chamber pressure information. Similar
considerations apply to other chamber data if they are
employed for further optimization of the transfer function.

Referring back to FIG. 11, the additional chamber data
may be received from process module 1150 via an appropri-
ate communication interface 1152. In the example of FIG. 11,
the actual application of the transfer function and the optimi-
zation using the chamber data are performed in DSP block
1154 using the peak voltage (positive and negative) informa-
tion received from block 1120 and the chamber data informa-
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tion received from block 1150, However, it is also possible to
perform such transfer function application and optimization
in block 1120, in which case block 1120 would obtain the
chamber data directly from process module 1150 for
example. The output of DSP block 1154 represents the com-
puted wafer potential and is converted back to the analog
domain via DAC 1156 to serve as a feedback or control signal
to ESC power supply unit 1160 and/or RF generator 1162. For
example, with the increased accuracy & precision of the
computed wafer bias potential (computed as a function of the
RF voltage as disclosed herein), one can use this computed
value as a control signal for the RF generator delivered power
in order to maintain a desired wafer potential for a given wafer
process step.

Note that it is possible to perform analog splitting and peak
detection (per F1G. 5¢) and apply the additional optimization
using additional chamber parameters in the manner discussed
to obtain the computed wafer bias potential. Alternatively, the
input RF signal may be converted directly into the digital
domain as discussed in connection with FIG. 11 and then
processed and optimized in the digital domain to obtain the
computed wafer bias potential.

By processing the ESC RF signal in the digital domain
and/or employing independently inputted RF generator sig-
nals and/or employing additional chamber parameters for
correlation optimization, embodiments of the invention
enable a more accurate computed wafer bias voltage to be
obtained from the ESC RF voltage. The more accurately
obtained wafer bias voltage in turn improves the ability to
monitor the plasma health, to detect undesirable plasma con-
ditions such as plasma unconfinement, etc.

While this invention has been described in terms of several
preferred embodiments, there are alterations, permutations,
and equivalents, which fall within the scope of this invention.
For example, although the RF voltage employed to compute
the wafer bias potential is disclosed herein to be one taken
from the ESC or the ESC base plate or from another compo-
nent of the ESC assembly or near the vicinity of the ESC, the
RF voltage may in fact be measured at any point in the RF
delivery path and employed for wafer bias calculation pur-
poses. Accordingly, the term “RF voltage” and “ESC RF
voltage” and “ESC RF signal” and the like should not be
construed to be limiting by their terminology usage in the
examples. It should also be noted that there are many alter-
native ways of implementing the methods and apparatuses of
the present invention. Although various examples are pro-
vided herein, it is intended that these examples be illustrative
and not limiting with respect to the invention.

What is claimed is:

1. An arrangement for controlling a plasma processing
system including a plasma processing chamber, comprising:

a radio frequency (RF) sensing mechanism, said RF sens-
ing mechanism is proximate to a non-plasma exposing
component of said electrostatic chuck (ESC) to obtain
an RF voltage signal;

a voltage probe coupled to said RF sensing mechanism to
facilitate acquisition of said RF voltage signal while
reducing perturbation of RF power driving a plasma in
said plasma processing system;

a signal processing arrangement configured for
receiving said RF voltage signal,
processing said RF voltage signal in a digital domain to

obtain peak voltage information for a fundamental
frequency and a broadband frequency of said RF volt-
age signal, the processing used to convert the funda-
mental and broadband frequencies of the RF voltage
signal to direct current (DC) signals,
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deriving wafer bias information from said peak voltage
information by converting the DC signals of said fun-
damental and broadband frequencies of the RF volt-
age signal to a digital version and applying said digital
version of said RF voltage signal to a transfer function
to obtain a transfer function output, the transfer func-
tion output accounting for contribution of each fre-
quency of the RF voltage signal in wafer bias; and
an ESC power supply subsystem configured to receive said
transfer function output as a feedback signal to control
said plasma processing system.

2. The arrangement of claim 1 wherein said non-plasma
exposing component is a base plate.

3. The arrangement of claim 1 wherein said RF sensing
mechanism is an RF rod.

4. The arrangement of claim 1 wherein said voltage probe
is implemented at least by a capacitor divider network.

5. The arrangement of claim 1 wherein said transfer func-
tion represents a linear transfer function.

6. The arrangement of claim 1 wherein said transfer func-
tion represents a non-linear transfer function.

7. The arrangement of claim 1 wherein said RF voltage
signal is processed by an anti-aliasing low-pass filter with a
filter frequency set to half of a sampling rate of an analog-to-
digital converter.

8. The arrangement of claim 7 wherein said filtered RF
voltage signal from said anti-aliasing filter is split into two
channels to feed into a dual-channel analog/digital converter.

9. The arrangement of claim 1 wherein said RF voltage
signal is processed by said signal processing arrangement
into a plurality of signals that includes at least a signal corre-
sponding to an unfiltered broadband version of said RF volt-
age signal.

10. The arrangement of claim 9 wherein said processing
includes calibrating said plurality of signals.

11. The arrangement of claim 1 wherein said processing of
said RF voltage signal obtains a plurality of signals, said
plurality of signals including at least individual signals cor-
responding to individual ones of multiple RF frequencies.

12. The arrangement of claim 1 wherein said processing in
the digital domain is performed by a field programmable gate
array (FPGA).

13. An arrangement for controlling a plasma processing
system including a plasma processing chamber, comprising,
comprising:

a radio frequency (RF) sensing mechanism, said RF sens-
ing mechanism is proximate to a non-plasma exposing
component of said electrostatic chuck (ESC) to obtain
an RF voltage signal;
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a voltage probe coupled to said RF sensing mechanism to
facilitate acquisition of said RF voltage signal while
reducing perturbation of RF power driving a plasma in
said plasma processing system;
a signal processing arrangement configured for
receiving said RF voltage signal,
processing said RF voltage signal to obtain peak voltage
information for a fundamental frequency and a broad-
band frequency of said RF voltage signal; and

deriving wafer bias information from said peak voltage
information by converting the RF voltage signal to a
digital version, wherein said deriving includes using
at least one plasma processing chamber parameter,
and

inputting said digital version of said RF voltage signal
into a transfer function to obtain a transfer function
output, the transfer function output accounting for
contribution of each frequency of said RF voltage
signal; and

an ESC power supply subsystem configured to receive said
transfer function output as a feedback signal to control a
subsystem of said plasma processing system.

14. The arrangement of claim 13 wherein said at least one
plasma processing chamber parameter includes at least one of
chamber pressure, chamber gap distance between electrodes,
RF delivered power, RF frequency, RF generator impedance
matching network tap positions having capacitor positions of
variable inductance-capacitance (LLC) network, chamber
chemistry, chamber topology including a ground area ratio,
wafer type, and wafer resistivity.

15. The arrangement of claim 14 wherein said chamber
pressure is taken into account when determining said wafer
bias voltage.

16. The arrangement of claim 13 wherein said non-plasma
exposing component is a base plate.

17. The arrangement of claim 13 wherein said RF sensing
mechanism is an RF rod.

18. The arrangement of claim 13 wherein said voltage
probe is implemented at least by a capacitor divider network.

19. The arrangement of claim 13 wherein said RF voltage
signal is processed by an anti-aliasing low-pass filter with a
filter frequency set to half of a sampling rate of an analog-to-
digital converter.

20. The arrangement of claim 13 wherein said processing
in the digital domain is performed by a field programmable
gate array (FPGA).



